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The purpose of this project is to explore new liquid-liquid 
extraction approaches to the separation of sodium hydroxide 
and sodium salts from alkaline tank waste.

Ø Develop concept of pseudo hydroxide extraction for NaOH
Identify weakly acidic cation exchangers
Explore extraction behavior and develop comprehensive model

Ø Explore systems involving macrocyclic extractants
Establish feasibility of NaX (esp. NaNO3) extraction
Develop concept of synergistic pseudo hydroxide extraction (SPHE)
Determine efficacy of ionizable lariat ethers

Ø Investigate applicability in simple tests with real tank waste

Objectives:



Reduced low-activity-waste (LAW) glass production
•  Divert sodium to alternative waste form, such as grout
•  Accelerated waste processing (mission acceleration)

NaOH recycle for retrieval, sludge washing, etc.
•  Reduces or eliminates addition of NaOH
•  Reduced retrieval risk

Avoidance of new tank construction
•  Waste debulking on skid-mounted units

Sodium separation from LAW yields potential savings

NaOH
Possible benefits:
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A simple, economical approach to NaOH separation 
has been developed using cation exchange



Weakly acidic cation exchangers studied

Linear fluorinated alkanols
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H2O     H+ +  OH–

HA                H+ +  A– A– +   Na+ Na+A–

A simple model based on cation exchange 
nicely explains pseudo hydroxide extraction

Na+ +  OH– +  HA                  Na+A– +  H2O

Na+ +  OH– +  HA                  Na+ +  A– +  H2O

Conversion to phenoxide or alkoxide confirmed by FTIR and 
Raman spectroscopy. L. Maya, B. A. Moyer, and M. J. Lance  Appl. Spectrosc. 2003, 57, 238–241. 

Na+

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
Organic

Aqueous



OH

Cation-exchange model fits data

NaOH extraction isotherms
25 °C; O/A = 3
1-octanol diluent
NaOH only aqueous electrolyte

Kang, Engle, Bonnesen, Delmau, Haverlock, Moyer, Sep. 
Sci. Technol. 2005 (in press). 
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Complete equilibrium model
•  Relate extraction strength to pKa of cation exchanger
•  Correlate pKa to physical properties to generalize predictability

Examine selectivity
•  Rejection of fission products (Cs, Sr, Tc)
•  Other metals and anions

Demonstrate a simple flowsheet on real waste
•  Choose appropriate cation exchanger
•  Define conditions and contacting scheme
•  Procure waste samples and run test

Future efforts on pseudo hydroxide extraction



Advantages of using crown ethers
•  Enhances sodium extraction strength
•  Controls cation selectivity
•  Lowers viscosity of loaded solvent and permit higher loading
•  Expected to decrease water extraction

Main disadvantage is cost
•  Extractant cost should be • $20/gram
•  Solvent recovery will likely be necessary
•  Will require centrifugal contactors for high throughput

Future efforts using crown ethers



Future efforts using crown ethers

Conceptual sodium salt SX cycle:
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Future efforts using crown ethers

Alkylated for lipophilicity and selectivity

18-Crown-6 and 16-crown-5 families

Neutral and proton-ionizable

Target compounds:

Alternative crowns with enhanced Na+ binding are being synthesized.
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DCs = 13.5 ± 0.2

DCs = 13.1 ± 0.5

DCs = 12.0 ± 0.1

Solvent matrix is 0.5 M Cs-7SB in Isopar L
[Calix-crown] at 0.01 M for DCs

Engle, N. L.; Bonnesen, P. V.; Tomkins, B. A.; Haverlock, T. J.; 
Moyer, B. A. Solvent Extr. Ion Exch. 2004, 22(4), 611–636. 

New calixcrowns with high solubility and good Cs 
extraction strength have been synthesized

Highlight
Project  No. 73803

BOBCalixC6
Little change after 16 weeks

BEHBCalixC6

OBBOCalixC6

An analog of BOBCalixC6 has much higher solubility
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Solvent:
7 mM BOBCalixC6
0.75 M Cs-7SB modifier
3 mM Alkylguanidine (Lix 79)
Isopar L diluent

Features improved Cs stripping and all-alkaline solutions

Aqueous solutions:
Extraction:  3 M NaNO3,

2 M NaOH, 0.05 M KNO3, 
0.5 mM CsNO3

Scrub:  0.1 M NaOH
Strip:  1 mM NaHCO3

Conditions:
25 °C, O:A = 1:1

Uses CSSX solvent, with TOA 
replaced by an alkylguanidine

Stripping is ~30-fold better 
than acid-side CSSX

L. H. Delmau, T. J. Haverlock, P. V. Bonnesen, 
and B. A. Moyer (unpublished results). 



Proton-ionizable calixcrown cesium 
extractants offer extremely effective cycling
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L. H. Delmau, R. A. Bartsch, P. V. Bonnesen, and B. 
A. Moyer (unpublished results). 

Compounds provided by 
Prof. Richard A. Bartsch, 
Texas Tech Univ.



Kang, Engle, Bonnesen, Delmau, Haverlock, Moyer, Sep. 
Sci. Technol. 2005 (in press). 
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NaOH extraction isotherms
25 °C; O/A = 3
1-octanol diluent
NaOH only aqueous electrolyte



OH

A poor fit is obtained if free ions are omitted from model

Kang, Engle, Bonnesen, Delmau, Haverlock, Moyer, Sep. 
Sci. Technol. 2005 (in press). 
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Kang and Moyer, Solvent Extr. Ion Exch. (submitted). 
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Peff = 668

Peff = 55



High loadings can be achieved over range of T
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T. J. Haverlock, P.V. Bonnesen, and B.A. Moyer, 
Solvent Extr. Ion Exch. 2003, 21, 483–504. 



Simulant
1.88 M free NaOH
0.70 M NaAl(OH)4

3.5 M NaNO3

Efficient and selective NaOH removal from simulant

After 3 extractions with fresh solvent @ 60 °C
107% removal of free NaOH

32% removal of Na
Avg. strip: 1.15 Na : 1 OH-: 0.007 Al

Solvent
1 M 4-t-octylphenol 

in 1-octanol

Extr 1

Solvent
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Extr 2

Solvent
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Solvent

Al(OH)3 (Bayerite) precipitates
Al(OH)4

- Al(OH)3(s) + OH-

More hydroxide is generated

OH

T. J. Haverlock, P.V. Bonnesen, and B.A. Moyer, 
Solvent Extr. Ion Exch. 2003, 21, 483–504. 
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Concept of synergistic pseudo hydroxide extraction 
demonstrated to give selectively enhanced OH- separation 
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Ditopic NaOH pseudo hydroxide extractants provide 
insight into intra-molecular cooperativity

Synthesis by Alan P. Marchand and co-workers, Univ. of N. Texas
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Crown ether extracts NaNO3 with simple 1:1 mechanism that 
correlates with electron-pair donicity of solvent matrix 
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